The complete genomic sequence of pothos latent virus (PoLV) has been determined. The genome organization is very similar to that of tombusviruses. The genome is 4415 nucleotides long and contains five ORFs. The 5' ORF (ORF 1) encodes a protein with a predicted molecular mass of 25 kDa and readthrough of its amber stop codon results in an 84 kDa protein (ORF 2). ORF 3 encodes the 40 kDa capsid protein. Two nested ORFs (ORFs 4 and 5) in different reading frames encode 27 and 14 kDa proteins, respectively. Amino acid sequence alignments revealed significant similarities between the readthrough portion of ORF 2 and the coat protein (ORF 3) of PoLV and the corresponding proteins of several tombusviruses. Conversely, the predicted products of ORFs 1, 4 and 5 showed only limited similarity to the equivalent tombusvirus proteins. These results support the conclusion that PoLV is a new but atypical member of the family Tombusviridae.
Pothos latent virus (PoLV), isolated from symptomless plants of Scindapsus aureus (pothos, Faro. Araceae), has isometric particles about 30 nm in diameter containing a monopartite ssRNA of about 4"3 kb and a single capsid protein of around 40 kDa. In addition to genomic RNA, virus particles encapsidate two subgenomic RNAs of about 2-0 and 0.8 kb (Sabanadzovic et al., 1995) . PoLV is serologically related to members of the genera Carmovirus and Tombusvirus. PoLV also possesses physicochemical and cytopathological properties similar to members of the family Tombusviridae, but sufficiently distinct from those of the two current genera of this family to prevent definite classification (Sabanadzovic et al., 1995) . To establish to which genus PoLV should be assigned, more information is required.
PoLV was propagated in Nicotiana benthamiana and purified as previously described (Sabanadzovic et al., 1995) except that no density gradient centrifugation was done after PEG precipitation and one cycle of differential centrifugation. The final pellet was resuspended in 20 raNsodium acetate pH 5'5. RNA was extracted from virus particles by adding 1 volume of buffer (100mg-glycine-NaOH pH 9-0 containing I00 mM-NaC1, 10 m~-EDTA, 2 % SDS and 1% NLS) and 2 volumes of phenol. The aqueous phase was further extracted with equal volumes of phenol-chloroform, then chloroform, and precipitated with 2.5 volumes of ethanol in the presence * Author for correspondence Fax +39 80 5442813. e-mail e002fg01 @ area ba.cnr.lt
The nucleotide sequence data reported in this paper will appear in the EMBL, GenBank and DDBJ databases under accession number X87115.
of 300 mM-sodium acetate pH 5.5. The PoLV RNA was resuspended in sterile water.
Approximately 2 gg of PoLV genomic RNA was denatured by heating at 65 °C for 15 rain and chilling on ice for 5 rain. The 3' end was polyadenylated with poly(A) polymerase (BRL) following the manufacturer's instructions. The polyadenylated RNA was extracted with phenol-chloroform, precipitated with ethanol, resuspended in 10 lal of water and used as a template for oligo(dT)-primed cDNA synthesis using a cDNA synthesis module (Amersham) according to the manufacturer's protocol. Double-stranded DNA was ligated to Sinai-digested, dephosphorylated pUC18 and cloned in Escherichia coil strain DH5~. A selection of overlapping cDNA clones was sequenced on both strands using a T7 DNA polymerase sequencing kit (Sequenase; USB). Since the longest clone comprised 1625 nucleotides, the remaining part of the genomic RNA was cloned by two successive primer extensions using synthetic oligonucleotide primers (5' GATTGCTACTCTGCCTGTT-TCAG 3' and 5' TCTCCATACTGCTTACCG 3') complementary to nucleotide positions 2850-2872 and 2186-2203 in the complete PoLV RNA sequence, respectively. In this way, a sequence spanning almost the full-length virus genome was obtained, excluding approximately t00 nucleotides at the 5' end. The 5'-terminal nucleotides were first determined by dideoxynucleotideterminated reverse transcription using an oligonucleotide complementary to nucleotides 79-96 (5' CCTTCAAA-CCCACACAAC 3') in the final sequence of genomic RNA, and then by cloning this region. To do so, cDNA was synthesized by the method of Hirzmann et al. (1993) . Briefly, first-strand cDNA was primed with the oligo- Sequence data were assembled and analysed using the DNA Strider software (Marck, 1988) . Pairwise comparisons and multiple alignments of PoLV nucleotide and amino acid sequences with other virus sequences were done using the GAP and PILEUP programs in the software package of the University of Wisconsin Genetics Computer Group (GCG; Devereux et al., 1984) .
The complete 4415 nucleotide sequence of PoLV genomic RNA and predicted translation products of the five ORFs are shown in Fig. 1. The sequence of the 5' region obtained using a synthetic oligonucleotide and primer extension analysis on genomic RNA did not resolve the terminal 2 nucleotides, which showed as two strong stop points terminating the run-off transcripts (data not shown). Similar results have been obtained with other viruses, including some tombusviruses (Russo et al., 1994) . They are taken as evidence for the presence of a cap structure at the 5' terminus. Ahlquist & Janda (1984) and Shirako & Wilson (1993) showed that run-off transcripts of brome mosaic virus RNA 3 and soil-borne wheat mosaic virus RNAs 1 and 2 terminated with two strong stop points, the slower representing the cap and the faster the Y-terminal nucleotide. The first 2 nucleotides in PoLV RNA were clearly resolved as A and G, respectively, in cDNA clones obtained after extending the first-strand cDNA products with terminal deoxynucleotidyl transferase (data not shown). Recently, an identical 5'-terminal sequence (AG) was resolved by the same method in the genomic RNA of carnation Italian ringspot virus (CIRV), a definitive tombusvirus species (Rubino et al., 1995) .
In the PoLV sequence, the first AUG at nucleotide 141 marks the start of ORF 1, which temainates with an amber codon at nucleotide 807 and encodes a protein of 24765 Da. If readthrough of the ORF 1 stop codon occurs a protein of 83646 Da would be synthesized, terminating at an opal codon at nucleotide 2361 (ORF 2). ORF 3, from nucleotide 2375-3494, encodes a protein of 40120 Da. ORF 4 extends from nucleotide 3591-4317 and encodes a protein product of 26554 Da. ORF 5 is nested within ORF 4 in a different reading frame and initiates with an AUG at position 3722 and terminates at 4112. ORF 5 potentially codes for a polypeptide of 14229 Da.
The T-terminal non-coding portion of the PoLV genome comprises 96 nucleotides. The sequence of this region, obtained from cDNA clones made to RNA polyadenylated in vitro using an oligo(dT) primer, ended with -CCC followed by a stretch of A residues, To determine whether any of these A residues are part of the PoLV RNA 3'-terminal sequence, the procedure described by Shirako & Wilson (1993) was adopted. Briefly, the oligonucleotide 5' (Cs)TATAGTGTCACCTAAAT 3' was ligated to the 3' end of viral RNA with T4 RNA ligase (New England Biolabs) and cDNA was synthesized using a primer complementary to the ligated oligonucleotide, excluding the d(C) portion. The eDNA product was amplified by PCR using the oligonucleotide 5' CAGGGAGACAGCAAATCT 3', homologous to nucleotides 3983-4000 in PoLV RNA. The PCR product was cloned and sequenced as above. Six clones were sequenced and shown to have a stretch of eight C residues preceded by a G, from which we conclude that the T-terminal sequence of PoLV RNA is CCC (data not shown). The 3'-terminal sequence -CCC is a feature common to tombus-and carmoviruses as well as the related genera Necrovirus, Machlomovirus, Dianthovirus and Luteovirus (Subgroup I; Russo et al., 1994) . As shown in Fig. 2 , PoLV has a genome organization similar to the tombusviruses (Russo et al., 1994) , but with remarkable differences in size and amino acid composition of individual gene products. In particular, the predicted molecular masses of the products of ORFs 1, 4 and 5 are significantly different from those of the corresponding ORFs of tombusviruses (approximately 33-36, 22 and 19 kDa, respectively; Russo et al., 1994 : Rubino et al., 1995 .
The genome organization of PoLV described above was substantiated by translation of genomic and subgenomic RNAs in vitro. Total RNA was extracted from infected leaf tissue as described by Dalmay et al. (1993) and fractionated in linear-log sucrose density gradients prepared according to Brakke & van Pelt (1970) . Fractions containing genomic and subgenomic RNAs were detected by Northern blot hybridization after electrophoresis in formaldehyde-permeated gels probed with a cloned PoLV RNA segment corresponding to the 3'-terminal 700 nucleotides (data not shown). Selected fractions were translated in wheatgerm extracts (Promega) in the presence of [aSS]methionine following the manufacturer's instructions. Products of in vitro translation were analysed by SDS PAGE in 12% polyacrylamide gels (Laemmli, 1970) and radioactive bands were detected by fluorography, after impregnation with Amplify (Amersham). The sizes of the PoLV translation products were estimated by comparison with the sizes of translation products of synthetic transcripts of Cymbidium ringspot virus (CymRSV), containing the 22 and 19 kDa ORFs (prepared in the expression vector pTL7-SN; Oh & Carrington, 1989) , and prestained protein size markers (Sigma). In addition, a synthetic transcript containing ORFs 4 and 5 of PoLV was prepared from an infectious full-length cDNA clone of PoLV (data not shown), translated and analysed as above. Fig. 3 shows that only one protein (25 kDa) was synthesized by fractions containing genomic-length RNA (Fig. 3, lane 4) , whereas fractions enriched in the 2.0 kb subgenomic RNA gave rise to proteins of 40 kDa, with smaller amounts of proteins of 27 and 14 kDa, probably derived from contaminating 0.8 kb subgenomic RNA (Fig. 3, lane 5) . Fractions containing the 0"8 kb subgenomic RNA produced essentially two proteins of 27 and 14 kDa (Fig. 3 , lane 6) which were also found when wheatgerm extracts were programmed with the synthetic transcript encompassing ORFs 4 and 5 of PoLV (Fig. 3 , lane 3). It is suggested that both 27 and 14 kDa proteins are translated from the same RNA by a mechanism in which ribosomes bypass the AUG codon for the 27 kDa protein and initiate at the AUG for the 14 kDa protein.
Such 'leaky scanning' has been proposed for expression of the nested ORFs 4 and 5 of tombusviruses (Rochon & Johnston, 1991 ) . Pairwise comparisons of amino acid sequences of PoLV and the other sequenced tombusviruses were evaluated statistically by calculating an alignment score (AS) as defined by Koonin et al. (1991) , who considered 
* For each palrwlse comparison, the value given is the percentage identity and the number in parentheses is an AS, calculated as in Koonin et al. (1991) . Pairwise amino acid comparisons among proteins of tombusviruses other than PoLV showed extensive sequence similarity in all ORFs, up to 98 % in non-structural proteins (Tavazza et al., 1994; Rubino et al., 1995) .
t AMCV, artichoke mottle crinkle virus, Tavazza et al., 1994; CIRV, Rubino et al., 1995 : CNV, Rochon & Tremaine, 1989 CymRSV, Grieco et al., 1989 : TBSV, tomato bushy stunt virus, Hearne et al., 1990. AS values above 7 acceptable for a genuine relationship between two sequences. The results are shown in Table 1 .
The pre-readthrough domain of the PoLV replicase aligns with the corresponding region of other tombusviruses, with AS values above 7. Most conserved amino acids were in the C-terminal domain of the translated ORF 1 (data not shown).
The readthrough domain ofPoLV ORF 2 was deduced to be part of the putative RNA-dependent RNA polymerase, based on the presence of eight conserved motifs (PI PVIII) which characterize the RNA polymerases of supergroup II positive-stranded RNA viruses (Koonin, 1991) . A significantly high AS was found when comparing this region of PoLV with the corresponding region of tombusviruses.
ORF 3 was identified as the capsid protein cistron because of the amino acid sequence alignment with the coat protein of other tombusviruses. The most conserved region was in the shell domain, whereas lesser similarities were found in the random, arm and protruding domains (data not shown). In the protruding domains of PoLV and CymRSV, 19 amino acids out of the C-terminal 23 were identical. This sequence is not present in the other tombusviruses sequenced to date. This finding may explain the very weak reactivity of PoLV with an antiserum to CymRSV (R. Koenig, Institut ffir Biochemie und Pflanzenvirologie, Braunschweig, Germany; personal communication). Unfortunately, the reported serological cross-reactivity of PoLV with some tombus-and carmoviruses (Sabanadzovic et at., 1995) involve viruses whose genomic sequence and organization are unknown.
ORF 4 Pairwise comparisons of the PoLV sequence with those of viruses in definitive (Tombusvirus, Carmovirus) or putative (Dianthovirus, Necrovirus, Machlomovirus) genera of the family Tombusviridae did not reveal any significant similarities other than those detected for the conserved domains of the replicase and capsid proteins (Russo et al., 1994) . Database searches using the BLAST or FASTA programs of the GCG package revealed no similarities besides those discussed above.
In conclusion, although the structural organization (number and relative positions of the ORFs) of the PoLV genome is the same as that of definitive tombusviruses, significant differences were found in: (i) the overall genome size (4415 nucleotides versus an average of around 4700); (ii) the size of all ORFs (except for the coat protein cistron); and (iii) the amino acid composition of the encoded proteins. PoLV may therefore be regarded as the most distinctive tombusvirus species characterized to date.
